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Abstract We present the results of complex seismic modelling of the Slowly Pul- 
sating B-type star HD74560. The star pulsates in five frequencies detected in photo- 
metric observations. For all these frequencies, we identify the mode degree, I. For 
two of them, found also in spectroscopic data, we are able to derived the empirical 
values of the complex nonadiabatic parameter /. We test effects of chemical com- 
position and opacity data. Our results show that the properties of seismic models of 
SPB stars differ significantly from those of the more massive /3 Cephei stars. 



1 Introduction 

The Slowly Pulsating B-type stars (SPB) are very interesting targets for asteroseis- 
mic analysis. They pulsate in high-order g-modes, which penetrate the deep interior 
of the star. Because of it, these types of modes are extremely useful for studying the 
overshooting efficiency. This effect is poorly understood and analysing pulsations 
of the SPB stars is a unique opportunity to get constraints on its range. 

HD74560is a bright object with the parallax of % = 6.73(17) mas. Q discovered 
line profile variations with two frequencies and classified the star as a SPB variable. 
He also found two candidates for a third frequency but it was impossible to deter- 
mine the physical one owing to the aliasing. J4] found at least five frequencies in 
the Geneva photometry. Only the dominant frequency, Vi , agrees with the results of 
J7). J?) found also two of their five frequencies in the radial velocity variations. 

In addition to the fitting frequencies our seismic analysis makes use of the com- 
plex nonadiabatic /-parameter, defined as the ratio of the bolometric flux changes 
to the radial displacement (see i.e. |1 ;3 |). Fitting frequencies and the corresponding 
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values of / is termed complex asteroseismology and it can provide stronger con- 
straints on the model parameters and theory. 

The paper is organized as follows. Results of mode identification are shown in 
Section|2] In Section[3] we present our attempt towards complex seismic modeling 
of the SPB star HD74560. Conclusions end the paper. 



2 Mode identification 

The five frequencies of HD74560 are shown in the first column of TableQ] These 
values were taken from 0. The frequencies range from about 0.4 up to 0.6 c/d 
which is typical for the SPB stars. 

In order to identify the degree, I, of pulsational modes we incorporated the the- 
oretical and empirical values of the /-parameter. In the first case we compared the 
theoretical amplitude ratios and phase differences in different passbands with ob- 
servational counterparts. The appropriate theoretical values of / result from linear 
nonadiabatic calculations of stellar pulsations. We used the seven Geneva passbands 
and the non-LTE models of stellar atmospheres by j6;j. The identified mode degrees 
are presented in the third column of TableQ] As we can see, the most probable iden- 
tification for all frequencies are the dipole modes, I = 1 . The V2 and V3 frequencies 
can be also the quadruple modes, £ = 2. 

In the second method, we derived the mode degrees together with the empirical 
values of the /-parameter. We have to stress that in the case of the B-type pulsators, 
we are able to extract the empirical / only for modes which are seen both in pho- 
tometry and spectroscopy (0). Therefore, by means of this method we identified 
the mode degrees only for two frequencies, Vi and Vi- The results, given in the last 
column of TableQ] are in agreement with mode degrees derived with the previous 
method. The only difference is for Vi ; it can be the quadruple mode as well. 

Summarizing, all pulsational frequencies of HD74560 can be the dipole modes, 
while V2 and V3 can also be the quadruple modes. 



Table 1 Pulsational frequencies of HD74560 with corresponding values of the Geneva V ampli- 
tudes and the most probable mode identification derived with the theoretical and empirical values 
of the /-parameter. 



Frequency [c/d] 


the Geneva V amplitude 
[mmag] 


Mode degree, (., 
theoretical /-parameter 


Mode degree, I, 
empirical /-parameter 


Vi =0.64472 


14.4(4) 


1 


1,2 


v 2 =0.39578 


4.3(4) 


1.2 


1.2 


v 3 =0.44763 


3.2(4) 


1.2 




v 4 =0. 82281 


3.7(4) 


1 




v 5 =0.63567 


3.0(4) 


1 
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3 Complex asteroseismology 

In the previous section we determined the mode degrees, I, of the observed frequen- 
cies of HD74560. In the next step, we constructed models reproducing the frequen- 
cies. Firstly, we chose two modes, Vi and V4. The Vi frequency is the strongest, well 
identified mode, and the V4 frequency was chosen because it has the highest value. 
Relatively high values of frequencies facilitate modelling. Apart from that, V2, V3, 
V4 and V5 have rather similar amplitudes (see the second column of TableQ]). 

In order to construct seismic models we have to know the azimuthal number, m, 
and radial order, «, of our modes. We assumed that pulsational modes of HD74560 
are axisymmetric. The star is rather a slow rotator, (V sin; = 35 km/s according to 
0), and the results should not differ significantly from those presented here. 

The frequency spectrum of high-order g-modes is very dense and identification 
of the radial order is difficult, but it turned out that fitting two frequencies constrains 
n quite strongly. We were able to find seismic models only for two combinations of 
the radial orders. The first possibility is: Vi is the I = 1, g22 mode and V4 is the I = 1 
gn mode. The second one is: Vi is the I = 1 gn mode and V4 is the £ = 1 gi3 mode. 

In Fig.Q] we show the position of seismic models of HD74560 on the HR diagram 
for several values of the metallicity parameter, Z. These models fit the Vi and V4 
frequencies assuming the first combination of the radial orders. We stress, that for 
a given Z there are no seismic models between points shown in FigQ] The error 
box was taken from fU and Pamyatnykh (private communication). The left and 
right panels show the results for the OP and OPAL opacity tables, respectively. All 
models are computed without any overshooting of the convective core. The hatched 
and grey areas indicate the instability regions of the Vj and V4 modes, respectively. 
The areas labeled as "/-parameter" indicate models fitting the empirical value of / 
for the Vi mode. 

As we can see, the effective temperature of seismic models strongly depends on 
metallicity. Both with the OP and OPAL opacities, we need quite low value of Z to 
catch models inside the observational error box (Z < 0.007). The instability regions 
computed with different opacities differ significantly. In the case of the OPAL tables 
we need much higher value of Z to excite the Vi and V4 modes (Z > 0.007). With 
the OP data, models with metallicity of Z = 0.006 are already unstable. 

Relying on the / parameter, it is difficult to judge which opacity data are more 
suitable. Although with the OPAL tables, the /-parameter area is larger, most of the 
models fitting / are located outside of the error box. 

We also performed seismic analysis assuming a ov =0.1, 0.2 and 0.4. In these 
cases, we did not find any model fitting the empirical /-parameter within 1 a errors. 
Thus, the /-parameter can be used to constrain the overshooting range. 

Interesting results were obtained with the second combination of radial orders: 
Vi is the t = 1 gn mode and V4 is the 1=1, gn mode. In this case, seismic models 
located inside the observational error box have much higher metallicity, Z w 0.014. 
As a consequence, all models fitting the observational effective temperature and 
luminosity have unstable modes Vi and V4 . Moreover, inside of the error box there 
is at least one model fitting the empirical value of the /-parameter for the Vi mode. 
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Fig. 1 Seismic models of the SPB star HD74560 fitting two frequencies, Vi and V4, on the HR 
diagram. Results for four values of metallicity, Z, are shown. The left and right panels show models 
obtained with the OP and OPAL data, respectively. We marked also regions where the Vj and V4 
modes are pulsational unstable. 



4 Conclusions 

Seismic modelling of the SPB stars is quite challenging. There are seismic models 
inside the error box computed with the OP and OPAL opacities and with different 
combinations of radial orders. Some of these models reproduce also the empirical 
value of the /-parameter, but to get stronger constraints on stellar parameters, we 
need to fit more than two frequencies. 

For the time being, we can conclude that there are some preferences towards the 
OP data owing to the larger instability areas for Vi and V4. All seismic models pre- 
ferred small overshooting parameter, a ov ^$ 0.1. Interesting constraints were derived 
for metallicity. The values of Z can be either very small, ~ 0.005 — 0.007 (assuming 
the first combination of the radial orders), or quite high ~ 0.013 — 0.015 (for the 
second combination of n). The other values of Z are excluded. 
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